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Thiazolo[3,2-a]pyrimidines are structural analogues of biogenic purine bases, thus may be
considered as potential purine antagonists. The synthesis of these heterocyclic systems attracts
significant attention from researchers in the field of organic and medicinal chemistry due to their
wide range of biological activities, e.g. anti-inflammatory, antimicrobial, antioxidant, antiviral,
and anticancer. The high bioactivity of thiazolo[3,2-a]pyrimidine derivatives stimulates the
development of fundamentally new synthesis options, which include modern catalytic,
microwave and ultrasonic methods for activating cycloaddition reactions, and the improvement
of already known methods. This, in turn, became a strong basis for summarizing and
systematizing the existing array of literature sources from 2000 to 2024 relating to the methods
of obtaining and biomedical profile of thiazolo[3,2-a]pyrimidines and their hydrogenated

. analogues.
Cyclocondensation &

Bioactivity
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1. Introduction

Thiazolo[3,2-a]pyrimidines belong to the privileged azole-azine systems which have attracted increased attention from
researchers due to their powerful biomedical potential. The importance of the thiazolopyrimidine nucleus as a molecular
platform for the design of bioactive molecules is confirmed by the creation of the antidepressants ritanserin (I) and
setoperone (II) based on it (Fig. 1).! In addition, thiazolo[3,2-a]pyrimidine derivatives have found practical application as
enantioselective organocatalysts inFacylation reactions? and catalysts for homo- and copolymerization?.
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Fig. 1. Ritanserin (I) and setoperone (II) drugs.

The design and directed synthesis of thiazolo[3,2-a]pyrimidines and their condensed analogues is a relevant area of
modern heterocycle chemistry, as confirmed by a number of review papers published over the last 10 years.*® Recent
advances in the development of potential anticancer agents in the thiazolopyrimidine family are summarized in a 2022
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review.’ It is worth noting that the presented publications analyzed and systematized a large amount of literature data that
relate exclusively to polycyclic systems with a thiazolopyridine fragment. However, there have been no attempts to
summarize the literature highlighting the synthetic and biomedical potential of the basic thiazolo[3,2-a]pyrimidine scaffold.
In view of this, it seemed appropriate to analyze and systematize the original articles published over the past 25 years
concerning the methods of synthesis and biological action of thiazolo[3,2-a]pyrimidines and their hydrogenated analogues.

2. Annelation of the pyrimidine nucleus to the thiazole ring
2.1.  Cyclocondensations based on 2-aminothiazoles

The most common method for creating combinatorial libraries for medicinal chemistry based on thiazolo[3,2-
alpyrimidines is the reaction of 2-aminothiazoles with mono- and dicarbonyl compounds. The synthesis of a series of di-
and trisubstituted thiazolo[3,2-a]pyrimidines 3 was realized by cyclocondensation of thiazol-2-amines 1a-d with a,f-

unsaturated ketones 2a-l in alcoholic solution and in the presence of NaOAc.!? To obtain a series of 7-arylidene-substituted
5H-thiazolo[3,2-a]pyrimidines 5, the reaction of 2-aminothiazoles 1a-d with diarylidene derivatives 4a-f in AcOH medium

proved to be convenient (Scheme 1).!!
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Scheme 1. Synthesis of polysubstituted thiazolo[3,2-a]pyrimidines 3, 5 by cyclocondensation of 2-aminothiazoles 1a-d
with a,B-unsaturated ketones 2a-l and diarylidene derivatives 4a-f.

To construct thiazolo[3,2-a]pyrimidines 7, 8, 10, 12 containing an 8-hydroxyquinoline fragment, the authors!? used the
cyclocondensation of 5-(2-aminothiazol-4-yl)-8-hydroxyquinoline 1le with methylene-active reagents 6a-c, 2-
benzylidenemalonitrile 9a, and ethyl 2-cyano-3-phenylacrylate 11 (Scheme 2). Instead, 4-phenylthiazol-2-amine 1f reacts
with ethyl cyanoacetate 6a in DMF solution to form 2-cyano-N-(4-phenylthiazol-2-yl)acetamide 13, which upon fusion
with acetophenone in the presence of NH4OAc produces 6-(1-phenylethylidene)-5H-thiazolo[3,2-a]pyrimidine 14 (Scheme

2).13
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Scheme 2. Synthesis of thiazolo[3,2-a]pyrimidines 7, 8, 10, 12, 14 by cyclocondensation of 5-(2-aminothiazol-4-yl)-8-
hydroxyquinoline 1e with methylene-active reagents 6a-c, 2-benzylidenemalonitrile 9a and ethyl 2-cyano-3-
phenylacrylate 11.
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Condensation of 3-(2-amino-4-thiazolyl)coumarins 1g-k and the benzannelated analogue 11 with o-acetyl-y-
butyrolactone 15 in a mixture of polyphosphoric acid (PPA) and POCI; is a convenient method for the synthesis of 3-
substituted 6-(2-chloromethyl)-7-methyl-5H-[1,3]-thiazolo[3,2-a]pyrimidin-5-ones 16, and condensation of derivatives 1g-
1 with ethyl 3-oxobutanoate 6b produces 7-methyl-3-(2-ox0-2H-chromen-3-yl)-5H-[1,3]thiazolo[3,2-a]pyrimidin-5-ones
17. In turn, the reaction of 3-(2-amino-4-thiazolyl)coumarins 1g-k and diethylmethoxymethylenemalonate 18a in a
PPA/POCI3 mixture yields ethyl 3-(2-oxo-2H-chromen-3-yl)-5H-[1,3]thiazolo[3,2-a]pyrimidin-5-one-6-carboxylates 19
(Scheme 3).'4

A two-step method is described in'? for the synthesis of a series of thiazolo[3,2-a]pyrimidinones 19, 21 by the interaction
of 2-aminothiazoles 1a,b,f,m,n with dimethylmethoxymethylenemalonates 18a,b and subsequent cyclization of the
condensation products 20 in the presence of Eaton's reagent (P4sH;0/MesOH) (Scheme 4).
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Scheme 3. Synthesis of 3-(2-ox0-2H-chromen-3-yl)-5H-[1,3]thiazolo[3,2- a]pyr1m1d1n S-ones 16, 17, 19 by condensation
of 3-(2-amino-4-thiazolyl)coumarins 1 with a-acetyl-y-butyrolactone 15, ethyl 3-oxobutanoate 6b and
diethylmethoxymethylenemalonate 18a in a PPA/POCI; mixture.
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Scheme 4. Two-step synthesis of thiazolo[3,2-a]pyrimidinones 19, 21 by the interaction of 2-aminothiazoles 1 with
dimethylmethoxymethylenemalonate 18 and subsequent cyclization of the condensation products 20 using Eaton's
reagent.
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The condensation of thiazol-2-amine 1a with diethyl 2-[(dimethylamino)methylene]Jmalonate 22 proved successful for
the synthesis of ethyl 5-ox0-5H-thiazolo[3,2-a]pyridine-6-carboxylate 19, (Scheme 5).'°
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Scheme 5. Synthesis of ethyl 5-oxo-5H-thiazolo[3,2-a]pyridine-6-carboxylate 19 by condensation of thiazol-2-amine 1a
with diethyl 2-[(dimethylamino)methylene]malonate 22.

An efficient approach to obtain 5H-thiazolo[3,2-a]pyridin-5-one 25 with a 3-chloropropyl side chain was based on the
reaction of 2-aminothiazole 1a with 3-ylidenefuranones 23a,b via the step of forming the intermediate enamine 24 which
is easily cyclized upon the action of POCI; to the target product 25 (Scheme 6).!7
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Scheme 6. Synthesis of 5H-thiazolo[3,2-a]pyridin-5-one 25 by the reaction of 2-aminothiazole 1a and cyclic f-formyl
esters 23.

Isopropylidene N-thiazolaminomethylenemalonate 27a, obtained by the interaction of 2-aminopyridine la and
isopropylidene ethoxymethylenemalonate 26, turned out to be a convenient substrate for the synthesis of 5-oxo-5H-
thiazolo[3,2-a]pyrimidine-6-carboxylic acid 28 (Scheme 7).

CO,H
o o)
Me O 1. KOH, MeOH, A+ 8 N%\Nf
MJ% " OEt EtOH rt 5h MQ% _</ 221NHCltopH2-3
52% J
26 28

Scheme 7. Synthesis of 5-oxo-5H-thiazolo[3,2-a]pyrimidine-6-carboxylic acid 28 by intramolecular cyclization of
isopropylidene N-thiazolaminomethylenemalonate 27a.

A library of 6-methyl- and 7-alkyl(aryl)-substituted 5H-thiazolo[3,2-a]pyrimidin-5-ones 30 was prepared by the
reaction of 2-aminothiazole 1a with B-alkoxyvinyltrichloromethyl ketones 29 in boiling alcohol (Scheme 8)."°
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Scheme 8. Synthesis of 6-methyl- and 7-alkyl(aryl)-substituted 5H-thiazolo[3,2-a]pyrimidin-5-ones 30 by the reaction of
2-aminothiazole 1a with B-alkoxyvinyltrichloromethyl ketones 29.

The cyclocondensation of thiazol-2-amine 1a with B-enaminodiketone 31 was used to synthesize glyoxalate-substituted

thiazolo[3,2-a]pyrimidin-5-one 32 (Scheme 9).2°
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Scheme 9. Synthesis of glyoxalate-substituted thiazolo[3,2-a]pyr1m1d1n-5—one 32 by cyclocondensation of thiazol-2-
amine 1a with B-enaminodiketone 31.

El-Sayed and Katouah?' successfully used 2-cyano-3-(dimethylamino)-N-octadecyl acrylamide 33a for the synthesis of
N-alkyl-5-ox0-5H-thiazolo[3,2-a]pyrimidine-6-carboxamide 34 as a precursor of surface-active biological compounds
(Scheme 10).

R:N o 0. NHR
0 NC 0
N+ /l\mez =
RHN | W—ﬁ—h» [S\>_AH Nt NN
332 NMe; ) Y
34

R = CH3(CH2)17
Scheme 10. Synthesis of N-alkyl-5-oxo0-5H-thiazolo[3,2-a]pyrimidine-6-carboxamide 34 by condensation of 2-
aminothiazole 1a and 2-cyano-3-(dimethylamino)-N-octadecyl acrylamide 33a.

Ethyl 3-dimethylamino-2-(indol-3-yl)propanoate 37, prepared from ethyl 3-indole acetate 35 and fert-
butoxybis(dimethylamino)methane 36 (Bredereck's reagent), upon interaction with 2-aminothiazole 1a gave 6-(1H-indol-
3-yl)-5H-thiazolo[3,2-a]pyrimidin-5-one 38, an analogue of the meridianine alkaloid (Scheme 11).2
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Scheme 11. Synthesis of 6—(1H—1nd01—3-yl)—5H—th1azolo[3,2-a]pyr1midin—5—one 38 by the reaction of ethyl 3-
dimethylamino-2-(indol-3-yl)propanoate 37 and 2-aminothiazole 1a.

A simple two-step synthesis of phosphorylated 5H-thiazolo[3,2-a]pyrimidin-5-one 41 was realized from the available 2-
diethoxyphosphoryl-3-methoxyacrylate 39 and 2-aminothiazole 1a. Thermal intramolecular cyclization of the intermediate
3-aminoacrylate 40 proceeded efficiently with complete N-regioselectivity and led to the target product 41 (Scheme 12).2
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Scheme 12. Synthesis of phosphorylated 5H-thiazolo[3,2-a]pyrimidin-5-one 41 by the reaction of 2-diethoxyphosphoryl-
3-methoxyacrylate 39 and 2-aminothiazole 1a.

Activated B-lactam aldehyde 42 proved to be an excellent substrate in the ring switching strategy of the preparation of
homochiral 5H-thiazolo[3,2-a]pyrimidin-5-one 43 with potential activity towards certain glutamate receptor subtypes
(Scheme 13).24%
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Scheme 13. Synthesis of 5H-thiazolo[3,2-a]pyrimidin-5-one 43 by the ring switching method from B-lactam aldehyde 42.

An efficient method for the synthesis of 6-amino-substituted 5H-thiazolo[3,2-a]pyrimidin-5-ones 45 was based on the
cyclocondensation of thiazol-2-amine 1a with propenoates 44 and enamine 47. It was found that the reaction of propenoates
44a-d with 2-aminothiazole 1a proceeds smoothly upon boiling in AcOH?*2 or in the NaOAc/AcOH system?® with the
formation of the target products 45, which were converted into the corresponding hydrohalides 46a-d**** (Scheme 14).

In turn, the interaction of 2-aminothiazole 1a with an equimolar amount of 2,2-dimethylaminoethenyl derivative 47 in
boiling AcOH led to 6-ylideneamino derivative 45e, which upon treatment with hydrazine hydrate in EtOH produced 6-

amino-5H-thiazolo[3,2-a]pyrimidin-5-one 48 (Scheme 14).3!
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Scheme 14. Synthesis of 6-amino-5H-thiazolo[3,2-a]pyrimidin-5-ones 46, 48 by the interaction of thiazol-2-amine 1a
with propenoates 44 and enamine 47a.

A two-step synthesis of a series of N-(5-0x0-3,7-diaryl-6,7-dihydro-5H-thiazolo[3,2-a]pyrimidin-6-yl)benzamides 50a-
e was achieved by the reaction of 2-amino-4-arylthiazoles 1f,n,0 with (£)-4-arylidene-2-phenyloxazol-5(4H)-ones 49a-c in
ethanol followed by intramolecular cyclization of intermediates A under the action of catalytic amounts of H>SO4 (Scheme

15).3
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Scheme 15. Synthesis of N-(5-0x0-3,7-diaryl-6,7-dihydro-5H-thiazolo[3,2-a]pyrimidin-6-yl)benzamides 50 by the
reaction of 2-amino-4-arylthiazoles 1 and (£)-4-arylidene-2-phenyloxazol-5(4H)-ones 49a-c.

N-Functionalized 5-imino-5H-thiazolo[3,2-a]pyrimidine-6-carboxamides 51 were obtained by condensation of thiazol-
2-amine 1a and enaminonitriles 33b,¢ in alcoholic solution in the presence of piperidine as a base (Scheme 16).333*
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Scheme 16. Synthesis of 5-imino-5H-thiazolo[3,2-a]pyrimidine-6-carboxamides 51 by condensation of thiazol-2-amine
1a and enaminonitriles 33.

2.2. “Green’ methods involving 2-aminothiazoles

A significant part of the literature over the last two decades on methods for constructing the thiazolo[3,2-a]pyrimidine
nucleus is devoted to green chemistry methods. 5-Oxo-5H-thiazolo[3,2-a]pyrimidine-6-carboxylates 19, 21 and 5-imino-
5H-thiazolo[3,2-a]pyrimidine-6-carbonitrile 53 were obtained by cyclocondensation of thiazol-2-amine 1p with diethyl 2-
(ethoxymethylene)malonate 18c, dimethyl acetylenedicarboxylate 52a and 2-(ethoxymethylene)malononitrile 9b,
respectively, in boiling alcohol or under microwave irradiation (Scheme 17).3
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Scheme 17. Microwave synthesis of 5-oxo0-5H-thiazolo[3,2-a]pyrimidine-6-carboxylates 19, 21 and 5-imino-5H-

thiazolo[3,2-a]pyrimidine-6-carbonitrile 53 by cyclocondensation of thiazol-2-amine 1p with diethyl 2-
(ethoxymethylene)malonate 18c, dimethyl acetylenedicarboxylate 52a and 2-(ethoxymethylene)malononitrile 9b.
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Similar reaction conditions were optimal for the creation of a library of 5H-thiazolo[3,2-a]pyrimidin-5-ones 54 and 5H-
thiazolo[3,2-a]pyrimidin-5-imines 56 (Scheme 18).%
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Scheme 18. Synthesis of 5H-thiazolo[3,2-a]pyrimidin-5-ones 54 and 5H-thiazolo[3,2-a]pyrimidin-5-imines 56 by
cyclocondensation of thiazol-2-amines 1 with methylene-active compounds 6, 55 under the action of MW irradiation.

The reaction of 2-aminothiazoles 1 with 2,2-dimethylaminoethenyl derivative 57 under the action of MW irradiation

yielded 6-[2-(methylthio)pyrimidin-4-yl]-5H-thiazolo[3,2-a]pyrimidin-5-ones 58, key intermediates in the synthesis of
acetylcholinesterase inhibitors (Scheme 19).3
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Scheme 19. Synthesis of 6-[2-(methylthio)pyrimidin-4-yl]-5H-thiazolo[3,2-a]|pyrimidin-5-ones 58 by the reaction of 2-
aminothiazoles 1 with derivative 57 under MW irradiation.

5H-Thiazolo[3,2-a]pyrimidin-5-ones 61 and the relatively unstable intermediates 6-benzylidene-6,7-dihydro-5H-
thiazolo[3,2-a]pyrimidin-5-ones 60 were obtained by the reaction of thiazol-2-amines la,b with Morita-Baylis-Hillman
adducts 59 in high yields in the absence of solvents and bases. It is interesting that thiazol-2-amine la with adduct 59i
produces 61m rather than the Michael addition product (Scheme 20).3

An efficient method for the synthesis of 6-substituted 5H-thiazolo[3,2-a]pyrimidin-5-ones 61 from Morita—Baylis—
Hillman adducts 59 was implemented using MW irradiation in acetic acid (Scheme 21).38
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Scheme 20. Synthesis of 5H-thiazolo[3,2-a]pyrimidin-5-ones 61 from thiazol-2-amines 1 and acetates of Morita-Baylis-
Hillman adducts 59.
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Scheme 21. MW variant of the synthesis of 5H—th1azolo[3,2—a]pyr1m1d1n-5-ones 61 by the interaction of thiazol-2-amine
1 with Morita-Baylis-Hillman adducts 59.

2-Methyl-2-phenyl-1,3-oxathiolan-5-one 62 undergoes stereoselective cyclocondensation with Schiff bases 63 under
microwave irradiation or heating without solvent to form 6,7-dihydro-6-mercapto-5H-thiazolo[3,2-a]pyrimidin-5-ones 64
(Scheme 22).%°
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Scheme 22. Synthesis of 6,7-dihydro-6-mercapto-5H-thiazolo[3,2-a]pyrimidin-5-ones 64 by cyclocondensation of 2-
methyl-2-phenyl-1,3-oxathiolan-5-one 62 with Schiff bases 63a-c.
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The report*® describes the synthesis of ethyl 5-0x0-5H-thiazolo[3,2-a]pyrimidine-6-carboxylate 19 and 5H-thiazolo[3,2-
a]pyrimidin-5-one 64 by the Gould-Jacobs reaction using a three-mode pyrolysis reactor. The interaction of 2-aminothiazole
1a and diethyl 2-(ethoxymethylene)malonate 18b gave derivative 20, which, upon heating in DMF solution, under MW
irradiation, under flash thermolysis in flow conditions, or under flash vacuum pyrolysis conditions, produced the target 19.
In contrast, the flash thermolysis in flow proved to be effective for the synthesis of thiazolopyrimidinone 64, (Scheme 23).

The authors*! developed a new variant of the Gould-Jacobs reaction in an automated high-temperature and high-pressure
flow reactor PhoenixTM, which enabled rapid synthesis of 5H-thiazolo[3,2-a]pyrimidin-5-ones 19 and 64. Diethyl 2-[2-
(thiazol-2-ylamino)ethylidene]malonate 20 obtained by condensation of 2-aminothiazole 1a with ethoxymethylene
compound 18¢ was subjected to further thermal cyclization in a PhoenixTM reactor to form 5H-thiazolo[3,2-a]pyrimidin-
5-one 19. The decarboxylated product 64a was obtained by decreasing the reactant concentration, increasing the exposure

time, and increasing the temperature in a flow reactor (Scheme 23).
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Scheme 23. Synthesis of ethyl 5-oxo0-5H-thiazolo[3,2-a]pyrimidine-6-carboxylate 19 and 5H-thiazolo[3,2-a]pyrimidin-5-
one 64 by the Gould-Jacobs reaction of 2-aminothiazole 1a with diethyl 2-(ethoxymethylene)malonate 18b.

A series of 6-substituted 3,7-diaryl-6,7-dihydro-5H-thiazolo[3,2-a]pyrimidin-5-ones 67 were synthesized by the [4+2]-
cycloaddition reaction of 2-arylideneamino-4-arylthiazoles 63a-g with monosubstituted ketenes formed in situ from
anhydride chlorides 66 under phase transfer catalysis (PTC) conditions in combination with ultrasonic treatment (Scheme
24).42
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Scheme 24. Synthesis of 6,7-dihydro-5H-thiazolo[3,2-a]pyrimidin-5-ones 67 by the [4+2]-cycloaddition reaction of 2-
arylideneamino-4-arylthiazoles 63a-g with monosubstituted ketenes formed in situ from anhydride chlorides 66.

A convenient two-step synthesis of 5H-thiazolo[3,2-a]pyrimidin-5-one 64b was developed using ionic liquids. The
condensation of 4-methylthiazol-2-amine 1b with Meldrum's acid and trimethylorthoformate in a solution of 1-butyl-3-
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methylimidazolium bromide ([BMIM]Br) produced isopropylidene N-thiazolaminomethylenemalonate 27b, which upon
cyclization in the 1-butyl-3-methyl tetrafluoroborate/triflate system was converted to the target product 19 (Scheme 25).%

0o 0 0
Me N . E/\f HC(OMe); M O Me i
\[3\>7NH2 [ MB\A?J; \[ >_|-| )ﬁl [BMl F4/OTf, NSNS Me
Me C Ngg 4c \g\/?/
1b 88% 64b

Scheme 25. Two-step synthesis of 5H-thiazolo[3,2-a]pyrimidin-5-one 64b by condensation of 4-methylthiazol-2-amine
1b with Meldrum's acid and trimethylorthoformate using an ionic liquid.

2.3. Multicomponent reactions based on 2-aminothiazoles

Three-component reactions are a convenient tool for the construction of thiazolo[3,2-a]pyrimidines due to the one-pot
formation of C—C and C-N bonds. For instance, 2,5-substituted-6-(4-nitrophenyl)-5H-thiazolo[3,2-a]pyrimidin-7-amines
69 were synthesized by the Biginelli type reaction of thiazol-2-amines la,s, 2-(4-nitrophenyl)acetonitrile 68 and aromatic
aldehydes 65, promoted by a heterogeneous catalyst SiO,—ZnBr; and diisopropylethylamine (DIPEA) as a base, under
microwave irradiation (Scheme 26).4
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Scheme 26. Construction of thiazolo[3,2- a]pyrlmldmes 69 by the Biginelli type reaction of thiazol-2-amines 1, 2-(4-
nitrophenyl)acetonitrile 68 and aromatic aldehydes 65 promoted by SiO>—ZnBr; and DIPEA.

The synthesis of 5-substituted 7-methyl-5H-thiazolo[3,2-a/pyrimidine-6-carboxylates 70 was realised by a one-pot
reaction of 2-aminothiazole 1a, ethyl acetoacetate 6b, and aromatic aldehydes 65 under microwave irradiation in acetic acid
solution (Scheme 27).** The authors*® performed a similar reaction in boiling ethanol in the presence of catalytic amounts
of sulfamic acid (Scheme 27).
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Scheme 27. Synthesis of 7-methyl-5H-thiazolo[3,2-a]pyrimidine-6-carboxylates 70 by the one-pot reaction of 2-
aminothiazole 1a, ethyl acetoacetate 6b, and aromatic aldehydes 65 under MW irradiation.

The one-pot three-component reaction of 4-phenylthiazol-2-amine 1f, ethyl cyanoacetate 6a, and malononitrile 71 with
benzaldehydes 65 in ethanol in the presence of triethylamine produced 5,7-disubstituted 2-phenyl-8aH-thiazolo[3,2-
a]pyrimidine-6-carbonitriles 72 in high yields (Scheme 28).!
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Scheme 28. Synthesis of 5,7-disubstituted 2-phenyl-8aH-thiazolo[3,2-a]pyrimidine-6-carbonitriles 72 by a one-pot three-
component reaction of 4-phenylthiazol-2-amine 1f, ethyl cyanoacetate 6a, and malononitrile 71 with benzaldehydes 65

Diastereoselective annelation of the pyrimidine nucleus to form 6,7-dihydro-5H-thiazolo[3,2-a]pyrimidin-5-ones 73 was
achieved by the interaction of Schiff bases 63, glycine, and acetic anhydride under microwave irradiation in the absence of

solvent. The resulting N-acetylthiazolopyrimidinones 73 are readily hydrolyzed to the corresponding 6-amino derivatives
74 in high yields (Scheme 29).4
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Scheme 29. Synthesis of 6,7-dihydro-5H-thiazolo[3,2-a]pyrimidin-5-ones 73 by the interaction of Schiff bases 63
glycine, and acetic anhydride under MW irradiation.

The article*® describes a novel synthesis of highly functionalized 5H-[1,3]thiazolo[3,2-a]pyrimidines 77 by the three-

component reaction of ethyl 2-oxo-2-(1,3-thiazol-2-ylamino)acetates 75, isocyanides 76, and dialkyl
acetylenedicarboxylates 52 in dichloromethane solution at room temperature (Scheme 30)
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dR= Weﬁqw eR= CIE?X R fRzcH R1 CEtLR. = Me
gR = tBu, R’ = {Bu, R "iR={Bu, R! 2 jR—tB RT ™2

Scheme 30. Synthesis of hlghly functionalized SH-[1,3]thiazolo[3,2-a]pyrimidines 77 by three-component reaction of
ethyl 2-o0x0-2-(1,3-thiazol-2-ylamino)acetates 75, isocyanides 76 and dialkyl acetylenedicarboxylates 52.

The authors* developed an efficient protocol for the Pd-catalyzed multicomponent fluoroalkylation carbonylation of
1,3-enyne 78 with 2-aminothiazole 1a, and synthesized fluoroalkyl-substituted thiazolo[3,2-a]pyrimidin-7-one 79 (Scheme
31).
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Scheme 31. Pd-catalyzed four-component synthesis of thiazolo[3,2-a]pyrimidine 79.

2.4. Solid-phase synthesis based on 2-aminothiazoles

The work®® describes a solid-phase synthesis of 3-methyl-5H-thiazolo[3,2-a]pyrimidin-5-one 64b based on a polymer-
bound analogue of Meldrum's acid 80, the interaction of which with triethyl orthoformate and 4-methylthiazol-2-amine 1b
gave intermediate A, which upon thermolysis led to the target product 64b in 80% yield (Scheme 32).
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Scheme 32. Solid-phase synthesis of 3-methyl-5H-thiazolo[3,2-a]pyrimidin-5-one 64b by the reaction of Meldrum's acid
analogue 80 with triethyl orthoformate and 4-methylthiazol-2-amine 1b.

A solid-phase approach was used for the synthesis of N-(5-oxo-5H-thiazolo[3,2-a]pyrimidin-6-yl)acetamide 45a. Base-
catalyzed treatment of Wang resin 81 with oxazolone 82 in toluene produced polymer-bound methyl 2-acetylamino-3-
(dimethylamino)prop-2-enoate 83, which upon treatment with excess 2-aminothiazole 1a formed intermediate A and upon

heating led to 6-acetylamino-5H-thiazolo[3,2-a]pyrimidin-5-one 45a (Scheme 33).%!
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Scheme 33. Solid-phase synthesis of N-(5-o0x0-5H-thiazolo[3,2-a]pyrimidin-6-yl)acetamide 45a from Wang resin 81,
oxazolone 82 and 2-aminothiazole 1a.

6-Amino-5H-thiazolo[3,2-a|pyrimidin-5-one 48 was synthesized by a parallel solid-phase method from polymer-bound
(Z2)-2-benzyloxycarbonylamino-3-(dimethylamino)prop-2-enoate 86, which was obtained by treatment of Wang resin 81
with ethyl 2-isocyanatoacetate 84 followed by reaction with Bredereck's reagent. Further reaction of derivative 86 with 2-
aminothiazole 1a led to immobilized thiazolo[3,2-a]pyrimidine 87, from which the target 6-aminothiazolopyrimidine 48

was obtained in 20% yield by standard technique (Scheme 34).3°
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Scheme 34. Two-step solid-phase synthesis of 6-aminothiazolo[3,2-a]pyrimidine 48 by treatment of Wang resin 81 with
ethyl 2-isocyanatoacetate 84, followed by reaction with Bredereck's reagent and 2-aminothiazole 1a.

3. Annelation of the thiazole nucleus to the pyrimidine ring
3.1.  Cyclocondensation of pyrimidine-2-thiones with a monohalogen derivatives

A simple and efficient way to construct a thiazolo[3,2-a]pyrimidine core is the cyclocondensation of pyrimidine-2-
thiones with functionalized alkyl halides. For instance, the reaction of 5-acyl-2-thioxo-1,2,3,4-tetrahydropyrimidines 88
with propargyl bromide 89a in boiling alcohol in the presence of a base produced a library of 6-acyl-5-aryl-5H-thiazolo[3,2-
a]pyrimidines 90 (Scheme 35).3
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Scheme 35. Synthesis of 6-acyl-5-aryl-5H-thiazolo[3,2-a]pyrimidines 90 by the reaction of 2-thioxo-1,2,3,4-
tetrahydropyrimidines 88 with propargyl bromide 89a.

A microwave variant of this method was tested on the example of 2-thiouracil 91a which reacted with propargyl bromide
89a to yield 3-methyl-5H-thiazolo[3,2-a]pyrimidin-5-one 64b. However, a similar reaction of the 5,6-disubstituted
derivative 91 proceeded nonselectively with the formation of two regioisomeric products 93 and 94 (Scheme 36).%*
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Scheme 36. Microwave synthesis of thiazolo[3,2-a]pyrimidines 64b, 93a,b, 94a,b.
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A convenient way of simultaneous construction and functionalization of the thiazolopyrimidine core is the
cyclocondensation of 2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylates 88 with acyl bromides 95 (Scheme 37).5*
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Scheme 37. Synthesis of thlazolo[3,2-a]pyrimid1nes 96 by cyclocondensatlon of 2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylates 88 with acyl bromides 95.

The synthesis of 3-substituted 6,7-dihydro-5H-thiazolo[3,2-a]pyrimidines 97 was realised by cyclocondensation of
tetrahydropyrimidine-2(1H)-thione 97a with phenacyl bromides 95e,f in boiling alcohol with subsequent neutralization with
NaHCO; to the free base 992 or in boiling ethanol in the presence of the I,/PTSA system>. To obtain 3-substituted 6,7-
dihydro-5H-thiazolo[3,2-a]pyrimidine 99b, the authors®’ used condensation with a-A3-iodanyl ketone 100 in the presence
of triethylamine (TEA) (Scheme 38).
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Scheme 38. Synthesis of 3-substituted 6,7-dihydro-5H-thiazolo[3,2-a]pyrimidines 98, 99 by the reaction of
tetrahydropyrimidine-2(1H)-thione 97a with phenacyl bromides 95 or a-A3-iodanyl ketone 100.

A simple method for the preparation of 2-acetyl-3,7-dimethyl-5H-thiazolo[3,2-a]pyrimidin-5-one 103 involves the
alkylation of 6-methylthiouracil 91b with 3-chloropentane-2,4-dione 101 and subsequent regioselective cyclization of
intermediate 102 with catalytic amounts of PTSA to the target product 103 (Scheme 39).>® The synthesis of isomeric
thiazolo[3,2-a]pyrimidin-6-one 106 was achieved by two routes, alkylation of pyrimidine-2-thione 104 with 3-
chloropentane-2,4-dione 101 followed by intramolecular cyclization upon treatment with acetic anhydride, or by one-step
cyclocondensation of the reactants in boiling p%/l/ridine in the presence of KOH (Scheme 39).%°

HN NH
Me o

91b W PTSA
>
KOH, DMF, t, 3 h Y O PhMe, 125130 °C, ah \g
70% 75% §
103

Me

1 07 ~Me
Ar\(lkrAr 102

HN

o o 1/ \H!\r \)Kr
Ac,0
Me)YJ\Me 104 o
I

" | KOH, EtOH, t, 1 h I o TEy At \g
101 2% ve 0%
105 106 )0
Me M
104 T
KOH, Py, A 1T

65%

_MeO
104 Ar = <>©\; Ay
MeO

Scheme 39. Two-step synthesis of thiazolo[3,2-a]pyrimidinones 103, 106 by the interaction of 6-methylthiouracil or
pyrimidine-2-thiones 104 with 3-chloropentane-2,4-dione 101.
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The reaction of 5-methylthiouracil 91¢ with a-haloketones 95e, 101, 107 produced S-alkylated derivatives 108, whose
intramolecular cyclization under the action of polyphosphoric acid (PPA) leads to substituted thiazolo[3,2-a]pyrimidines
109 (Scheme 40).%
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Scheme 40. Synthesis of thiazolo[3,2-a]pyrimidin-5-ones 109 by alkylation of 5-methylthiouracil 91¢ with a-haloketones
95, 100, 107.

A convenient option for the synthesis of 3-aminothiazolo[3,2-a]pyrimidine-2-carbonitriles 111, 112 is the reaction of
thiouracil 91¢ or tetrahydropyrimidine-2(1H)-thione 97a°®' with bromomalonitrile 110 (Scheme 41).
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Scheme 41. Synthesis of 3-aminothiazolo[3,2-a]pyrimidine-2-carbonitriles 111, 112 by the reaction of pyrimidine-2-
thiones 91¢ or 97a with bromomalonitrile 110.

The most common method for preparing thiazolo[3,2-a]pyrimidin-3-ones is the cyclocondensation of pyrimidine-2-
thiones with a-halocarboxylic acids. This transformation with chloroacetic acid 113a was tested on 4,6-diaryl-3,4-

dihydropyrimidine-2-thione 114,> 4,6 diaryl-2-thioxotetrahydropyrimidin-5(2H)-one 104% and tetrahydropyrimidine-
2(1H)-thione 97a% (Scheme 42).
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Scheme 42. Synthesis of thiazolo[3,2-a]pyrimidinones 115-117 by cyclocondensation of pyrimidine-2-thiones 97, 104
114 with chloroacetic acid 113a.
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The interaction of bromoacetic acid 113b with ethyl 6-methyl-4-phenyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate 88a produced ethyl 7-methyl-3-0x0-5-phenyl-3,5-dihydro-2H-thiazolo[3,2-a]pyrimidine-6-carboxylate 118,%
and 2-bromopropanoic acid 113¢ with 4,6-diaryl-2-thioxotetrahydropyrimidin-5(2H)-one 104 yielded 5,7-diaryl-2-methyl-
2H-thiazolo[3,2-a]pyrimidine-3,6(5H,7H)-dione 119%° (Scheme 43).

CO,Et
Me _L__Ph
88a N N
120°C, 20 min T D
R 118
Br)\COZH_ 0
113b,c Ar\)J\/Aﬂ
104

NaOAc AcOH
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56% 119
_MeO
104 Ar = C@\; Ary =
MeO

113bR=H,¢R=Me

Scheme 43. Synthesis of thiazolo[3,2-a]pyrimidines 118, 119 by cyclocondensation of 2-bromocarboxylic acids 113 and
pyrimidine-2-thiones 88, 104.

The synthesis of ethyl 7-methyl-3-oxo-5-aryl-3,5-dihydro-2H-thiazolo[3,2-a]pyrimidine-6-carboxylates 118 by
alkylation of ethyl 6-methyl-4-aryl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylates 88f, 120a,b with 2-
chloropropanoic acid 113d and subsequent intramolecular cyclization of intermediates 121 in the presence of acetic
anhydride was described in® (Scheme 44).
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Scheme 44. Synthesis of ethyl 7-methyl-3-oxo-5-aryl-3,5-dihydro-2 H-thiazolo[3,2-a]pyrimidine-6-carboxylates 118 by
alkylation of 2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylates 88, 120 with 2-chloropropanoic acid 113d.

The one-pot three-component reaction of 5-methylthiouracil 91¢, chloroacetic acid 113a, and (hetero)aromatic aldehydes

65 is a convenient and efficient way to construct arylidene-functionalized thiazolo[3,2-a]pyrimidin-3-ones 122 (Scheme
45).%

Me
HY A
NH Ar 113a
65b,e,0, t NaOAC AC \g
AcOH, A’
91c 70-83% {
122

65 b Ar = 4-MeOCgH,’ © Ar = 4-CICgH,’ © Ar = 3-HO-4-MeOCgH5' t Ar = thiophen-2-yl
Scheme 45. Synthesis of 2-arylidenethiazolo[3,2-a]pyrimidine-3,5-diones 122 by the reaction of 5-methyl-2-thioxo-2,3-
dihydropyrimidin-4(1H)-one 91¢ with chloroacetic acid 113a and aldehydes 65.

Similar reaction conditions were used to generate a combinatorial library of ethyl 2-arylidene-7-methyl-3-oxo0-2,3-
dihydro-5H-thiazolo[3,2-a]pyrimidine-6-carboxylates 124, potential inhibitors of protein kinase CK2 (Scheme 46).
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Scheme 46. Synthesis of ethyl 2-arylidene-7-methyl-3-0x0-2,3-dihydro-5H-thiazolo[3,2-a]pyrimidine-6-carboxylates 124
by three-component reaction of pyrimidine-2-thiones 88, 120, chloroacetic acid 113a and (hetero)aromatic aldehydes 65,
123.

3.2.  Cyclocondensation of pyrimidine-2-thiones with dihalogen derivatives

The cyclocondensation of pyrimidine-2-thiones with 1,2-dihaloalkanes is widely used for the synthesis of thiazolo[3,2-
a]pyrimidine systems with a saturated thiazole core. For instance, the interaction of 6-methyl-2-thiouracil 91b with or 4-
oxo-6-aryl-2-thioxo-1,2,3,4-tetrahydropyridine-5-carbonitriles 126 with 1,2-dichloroethane in a DMF solution produced
thiazolo[3,2-a]pyrimidin-5(3H)-ones 125°® and 127a-c®’ (Scheme 47).

Me 0]
91b W
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126, 127 @ Ar = 3-HOCgH,’ b Ar = 3-NO,CgH,’ € Ar = 4-HOCgH,
Scheme 47. Synthesis of 2,3-dihydrothiazolo[3,2-a]pyrimidines 125 and 127a-c¢ by cyclocondensation of pyrimidine-2-
thiones 91 and 126 a-c with 1,2-dichloroethane.

The result of the interaction of 5-methyl-2-thioxo-2,3-dihydropyrimidin-4(1H)-one 128 with 2,6-difluoro-4-
methoxyphenylboronic acid 129 under MW irradiation was unexpected, in which instead of the expected S-
arylpyrimidinone, a cyclocondensation product with 1,2-dichloroethane 130 was obtained (Scheme 48).58
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Scheme 48. Microwave option for the preparation of thiazolo[3,2-a]pyrimidin-5-one 130.

Cyclocondensation of tetrahydropyrimidine-2(1H)-thione 97a with 1,2-dibromoethane in boiling alcohol in the presence
of Na,COs yielded 2,3,6,7-tetrahydro-5H-thiazolo[3,2-a]pyrimidine 131, which, together with YCl3 (ITU/YCl3), was used
for homo- and copolymerization processes (Scheme 49).3

Br
HmH Br > m
\g Na,COy 1O \gj
70°C, 15 h

97a 70% 131

Scheme 49. Synthesis of 2,3,6,7-tetrahydro-5H-thiazolo[3,2-a]pyrimidine 131 by cyclocondensation of
tetrahydropyrimidine-2(1H)-thione 97a with 1,2-dibromoethane.

3.3.  Other types of cyclocondensation involving pyrimidine-2-thiones

The thermal two-component reaction of 2-thiouracil 91a and dialkyl acetylenedicarboxylates 52a,b leads to the
formation of dialkyl 5-oxo-5H-[1,3]thiazolo[3,2-a]pyrimidine-2,3-dicarboxylates 132 under mild conditions (Scheme

50).6°
0 0
= =
\E RO, 30-40 min *g CO,R
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91a O,R
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Scheme 50. Synthesis of dialkyl 5-oxo-5H-[1,3]thiazolo[3,2-a]pyrimidine-2,3-dicarboxylates 132 by cyclocondensation
of 2-thiouracil 91a and dialkyl acetylenedicarboxylates 52.

A new strategy for the synthesis of 5H-thiazolo[3,2-a]pyrimidines 134 was based on the tandem cyclization of
enaminones 133 with 3,4-dihydropyrimidine-2(1H)-thione 88a mediated by the KI/K>S,0s system (Scheme 51).7°
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Scheme 51. KI/K,S,0s-mediated tandem cyclization of enaminones 133 with 3,4-dihydropyrimidine-2(1H)-thione 88a
for the synthesis of 5SH-thiazolo[3,2-a]pyrimidines 134.

The authors’! used a rhodium-catalyzed domino reaction of 2-sulfenyltetrahydropyrimidine 135 with diazoester 136 to
synthesize thiazolo[3,2-a]pyrimidine 137 (Scheme 52).
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Scheme 52. Rh-catalyzed synthesis of thiazolo[3,2-a]pyrimidine 137.

The work” describes a practical and efficient method for the synthesis of thiazolo[3,2-a]pyrimidines 139 by the three-
component reaction of anhydride chlorides 138a,b, isocyanide 76a, and tetrahydropyrimidine-2(1H)-thiones 95 in the
presence of phosphoric acid supported on graphene oxide (GO-H,PO4) (Scheme 53).
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Scheme 53. Three-component synthesis of thiazolo[3,2-a]pyrimidines 139 catalyzed by the GO-H,>POy4 system.

A one-pot two-step method for the synthesis of thiazolo[3,2-a]pyrimidines 142, spiro-annelated with cycloalkane
fragments, was implemented by the interaction of tetrahydropyrimidine-2-thione 97a with cycloalkenyl-1-diazenes 140 in
methanol at room temperature (Scheme 54).73

@: MeOH, r% 74 94°/
76% }R H /E

R = H, CO.Me, CO,Et SN
J fhﬁﬁ% -
n=1,23,4
R?
141

Scheme 54. Synthesis of spiro[cycloalkyl-1,2'-[1,3]thiazolo[3,2-a]pyrimidines] 142.
4.  Other methods for the synthesis of thiazolo[3,2-a]pyrimidines

The authors® used proton-initiated cyclization of 2-phenacylthiopyrimidine hydrobromides 143 involving PPA for the
synthesis of 3,5-diaryl-7-methylthiazolo[3,2-a]pyrimidine-6-carboxylates 144, potential antimicrobial, antiexudative and
analgesic agents (Scheme 55).
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Scheme 55. Synthesis of 3,5-diaryl-7-methylthiazolo[3,2-a]pyrimidine-6-carboxylates 144a-x by intramolecular
cyclization of 2-phenacylthiopyrimidine hydrobromides 143a-x.
An efficient method for the synthesis of 3-benzyl-[1,3]thiazolo[3,2-a]pyrimidinones 148 was realised by alkylation of
thiobarbituric acid 145 with propargyl bromide 89 followed by cyclization of intermediate 146 under the action of aryl
iodides 147 in the presence of a Pd-Cu catalyst complex (Scheme 56).7*
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Scheme 56. Synthesis of 3-benzylthiazolo[3,2-a]pyrimidinones 148 via Pd/Cu-catalyzed coupling reaction of 6-hydroxy-
2-(prop-2-yn-1-ylsulfanyl)pyrimidin-4(1H)-one 146 with aryl iodides 147.

A one-pot three-component synthesis of thiazolo[3,2-a]|pyrimidine-5-carboxylates 150 by the interaction of thiourea, -
haloketones 149a-f, and dialkyl acetylenedicarboxylates 52a,b in a THF-EtOH solvent mixture in the presence of diethyl
azodicarboxylate (DEAD) was described in” (Scheme 57).
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Scheme 57. Three-component synthesis of thiazolo[3,2-a]pyrimidine-5-carboxylates 150 by the reaction of thiourea, a-
haloketones 149a-f and dialkyl acetylenedicarboxylates 52a,b.

A new one-pot multicomponent synthesis method was developed to obtain 3-phenyl-6,7-dihydro-5H-thiazolo[3,2-
alpyrimidine 99a. It is based on the reaction of disulfide 151 with N-halosuccinimide in the presence of TEMPO followed
by the action of isocyanide and a nucleophilic reagent, leading to intermediate A. Its treatment with a methanol solution of
hydrogen chloride gives the target product 99a (Scheme 58).76
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Scheme 58. Synthesis of 3-phenyl-6,7-dihydro-5H-thiazolo[3,2-a]pyrimidine 99a from disulfide 151.

The authors of the work”” described the cyclocondensation reaction of 2-aminothiazoline 152 with o,B-unsaturated
carbonyl compounds 153, which under mild conditions enabled the synthesis of 7-hydroxy-5H-2,3,6,7-
tetrahydrothiazolo[2,3-a]pyrimidines 154, 5,7-diaryl-5H-2,3-dihydrothiazolo[2,3-a]pyrimidines 155 and 5,5'-bis-5-(4-
fluorophenyl)-7-phenyl-2,3-dihydrothiazolo[2,3-a|pyrimidines 156 (Scheme 59).
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Scheme 59. Synthesis of 7-hydroxy-5H-2,3,6,7-tetrahydrothiazolo[2,3-a]pyrimidines 154, 5,7-diaryl-5H-2,3-
dihydrothiazolo[2,3-a]pyrimidines 155 and 5,5'-bis-5-(4-fluorophenyl)-7-phenyl-2,3-dihydrothiazolo[2,3-a]pyrimidines
156 by cyclocondensation of 2-aminothiazoline 152 with a,B-unsaturated carbonyl compounds 153.
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7-Substituted  (35,6R)-3-isopropyl-6-methyl-6,7-dihydro-2 H-thiazolo[3,2-a]pyrimidin-5(3H)-ones 160  were
unexpectedly obtained as by-products in the synthesis of N-azethynylthiozolidine-thiones 159 in ratios of 8:1 (R = Ph), 6:1
(R = naphthalen-1-yl) and 15:1 (R = thiophen-2-yl) (Scheme 60).7%7°
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Scheme 60. Synthesis of (35,6R)-3-isopropyl-6-methyl-7-phenyl-6,7-dihydro-2 H-thiazolo[3,2-a]pyrimidin-5(3 H)-one
160 by the reaction of (S)-1-(4-isopropyl-2-thioxothiazolidin-3-yl)propan-1-one 157 and oxime 158.

5. Biomedical potential of thiazolo[3,2-a]pyrimidines

Functionalized thiazolo[2,3-a]pyrimidines are attractive targets for biomedical research. For instance, a number of
compounds among the derivatives of this class are characterized by promising antibacterial and antifungal activities.
Antibacterial screening of compounds of type 69 identified derivatives that are characterized by activity against the gram-
negative bacteria Pseudomonas aeruginosa at the level of the medical drug tetracycline (MIC = 6.25 ug/ml).** Ethyl 7-
methyl-5-phenyl-5H-thiazolo[3,2-a]pyrimidine-6-carboxylate 70 is characterized by antibacterial activity against gram-
positive bacteria Micrococcus luteus, Bacillus subtilis and gram-negative bacteria Salmonella typhimurium, Bordetella
bronchiseptica, Escherichia coli.*® Thiazolopyrimidine derivatives containing 3-nitrophenyl 127b or 4-hydroxyphenyl 127¢
groups exhibit a broad spectrum of antibacterial activity against gram-positive bacteria Bacillus subtilis, Staphylococcus
aureus and gram-negative bacteria Escherichia coli, Pseudomonas aeruginosa.®’ Ethyl 7-methyl-5-phenyl-3-(p-tolyl)-5H-
thiazolo[3,2-a]pyrimidine-6-carboxylate 144e inhibits the growth of the gram-positive bacteria Bacillus cereus.®* The
modified thiazolo[2,3-a]pyrimidine 161?! demonstrated high activity against the gram-positive bacteria Staphylococcus
aureus (Fig. 2).
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Fig. 2. Functionalized thiazolo[2,3-a]pyrimidines with antimicrobial activity.
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N-[7-(4-Methoxyphenyl)-5-oxo-3-phenyl-6,7-dihydro-5H-thiazolo[3,2-a]pyrimidin-6-yl]benzamide 50b was tested for

antifungal activity against Aspergillus niger and Fusarium oxysporum using the food poisoning method and demonstrated
excellent fungicidal activity compared to the commercial fungicide Ditan M-45 (Fig. 3).3
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Fig. 3. N-[7-(4-Methoxyphenyl)-5-oxo-3-phenyl-6,7-dihydro-5H-thiazolo[3,2-a]pyrimidin-6-yl]benzamide 50b with
fungicidal activity.

3,7-Disubstituted 5H-thiazolo[3,2-a]pyrimidin-5-ones 54 and 5H-thiazolo[3,2-a]pyrimidin-5-imines 56 were evaluated
as potential synthetic antioxidants for DPPH free radical inhibition. Derivatives 54a,b and 56a were found to scavenge
76.43-77.15% of radicals at a concentration of 100 pg/mL compared to the control (ascorbic acid I = 82%) (Fig. 4).%°
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Fig. 4. Disubstituted 5H-thiazolo[3,2-a]pyrimidin-5-ones 54 and 5H-thiazolo[3,2-a/pyrimidin-5-imines 56 with
antioxidant activity against DPPH radicals.

A derivative with antidiabetic potential was identified among the compounds of type 70, which reduces the concentration
of glucose in the blood plasma of mice to 25 mg/DL, while the medical drug glibenclamide used as a standard demonstrates
a decrease to 98 mg/DL (Fig. 5).46
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Fig. 5. Ethyl 5-(4-bromophenyl)-7-methyl-5H-thiazolo[3,2-a]pyrimidine-6-carboxylate 70 with antidiabetic activity.

5-(3,4-Dimethoxyphenyl)-2-methyl-7-(5,6,7,8-tetrahydronaphthalen-2-yl)-2 H-thiazolo[ 3,2-a]pyrimidine-3,6(5H,7H)-
dione 119 is characterized by excellent antiviral activity and inhibits the herpes virus HSV-1 by 90% at a concentration of
2 pg/mL and by 100% at 5 pg/mL (Fig. 6).%°
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Fig. 6. 5-(3,4-Dimethoxyphenyl)-2-methyl-7-(5,6,7,8-tetrahydronaphthalen-2-yl)-2 H-thiazolo[ 3,2-a]pyrimidine-
3,6(5H,7H)-dione 119 is a potential antiviral agent.

2-Arylidenethiazolo[3,2-a]pyrimidin-3-ones 162 were evaluated for antinociceptive activity by the tail-flick method,
anti-inflammatory activity by the carrageenan-induced paw edema test, and ulcerogenicity index. The bioscreening
demonstrated that derivatives with substituents at the 4-position of the benzene ring (Me, OH, F, Cl, Br, NO,) exhibited
significant antinociceptive and anti-inflammatory activity. In particular, 2-(4-fluorobenzylidene)-7-(4-chlorophenyl)-5-
(furan-2-yl)-2H-thiazolo[3,2-a]pyrimidin-3(7H)-one 162g was characterized by a broad spectrum of anti-inflammatory and
antinociceptive activity with lower ulcerogenicity (Fig. 7).%
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Fig. 7. 2-Arylidenethiazolo[3,2-a]pyrimidin-3-ones 162a-j with antinociceptive and anti-inflammatory activities.

A library of 3,5-diaryl-7-methylthiazolo[3,2-a]pyrimidine-6-carboxylates 144 was tested for antiexudative activity. It
was found that derivatives 144c,v demonstrate a gradual increase in their anti-inflammatory activity, reaching a maximum
after 5 h. When testing the analgesic activity of compounds 144e,v, the maximum activity was also found after 5 h of
injection (Fig. 8).%
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Fig. 8. Derivatives of 3,5-diaryl-7-methylthiazolo[3,2-a]pyrimidine-6-carboxylates 144, characterized by antiexudative
and analgesic activities.

A series of thiazolo[3,2-a]pyrimidine derivatives 163a-j were identified in®® as potential allosteric inhibitors of langerin,
which makes them attractive for the development of chemical probes for mammalian C-type lectin receptors (CLRs) (Fig.
9).
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Fig. 9. Thiazolo[3,2-a]pyrimidine derivatives 163a-j, mammalian lectin inhibitors.

A molecular docking study of the binding affinity of functionalized thiazolo[3,2-a]pyrimidine-6-carboxylates 95 with
cyclophilin D (CypD) revealed 10 derivatives with the best inhibitory activity that could be used for the treatment of
Alzheimer's disease (Fig. 10).>*
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Fig. 10. Thiazolo[3,2-a]pyrimidine-6-carboxylate derivatives 95, inhibitors of cyclophilin D (CypD).
Derivatives with promising inhibitory activity against acetylcholinesterase (AChEI), a major target in the treatment of

Alzheimer's disease, were identified in a series of 6-{2-(pyrrolidin-1-yl)pyrimidin-4-yl}thiazolo[3,2-a]pyrimidin-5-ones
164. In addition, compound 164c exhibits inhibitory activity similar to that of the FDA-approved drug galantamine, but

with better selectivity (Fig. 11).3¢
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Fig. 11. 6-{2-(Pyrrolidin-1-yl)pyrimidin-4-yl}thiazolo[3,2-a]pyrimidin-5-ones 164, acetylcholinesterase inhibitors
(AChEI).

5-Amino-3,7-diphenyl-8aH-thiazolo[3,2-a]pyrimidine-6-carbonitrile 72a demonstrated higher efficinecy than the
reference doxorubicin in in vitro screening against human cancer cell lines such as MCF-7 breast adenocarcinoma, NCI-
H460 non-small cell lung cancer, and SF-268 CNS cancer.'® In turn, 5-(4-chlorophenyl)-2-(3,4-dihydroxybenzylidene)-7-
methyl-3-0x0-3,5-dihydro-2 H-thiazolo[ 3,2-a]pyrimidine-6-carboxylate 124 inhibited the independent protein kinase CK2
(ICs0=0.56 uM) 2.2-fold more effectively than 4,5,6,7-tetrabromobenzotriazole (TBB ICsp = 1.24 uM). Treatment of cells
with compound 124 inhibited endogenous PKCK?2 activity and exhibited antiproliferative and proapoptotic effects against
gastric cancer cell lines and hepatocytes more effectively than TBB.®® Among the library of 5,7-diaryl-substituted
thiazolo[3,2-a]pyrimidines 165 that were evaluated in vitro for anticancer activity, compounds 165a,b were found with
sensitivity to non-small cell lung cancer Hop-92, ovarian cancer IGROVI1, and melanoma SK-MEL-2.!° The
carbamidothioate-modified 6,7-dihydro-5H-thiazolo[3,2-a]pyrimidine 166%! is a selective inhibitor of the chemokine
receptor CXCR4, which is involved in hematopoiesis, immune cell migration, cancer metastasis, and functions as a
coreceptor for the viral envelope protein gp120 (Fig. 12).
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Fig. 12. Some examples of thiazolo[3,2-a]pyrimidines with anticancer activity.

6. Conclusions
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A detailed analysis of the literature has shown that in most cases the construction of a thiazolo[3,2-a]pyrimidine system
involves the annelation of the pyrimidine nucleus to the thiazole ring or the addition of the thiazole nucleus to the pyrimidine
ring. However, in recent years, metal-catalyzed reactions, rearrangements, and one-pot methods for constructing the
thiazolopyrimidine nucleus have become more attractive. The promising complex of biological properties makes them very
promising structures for controlled modification with the aim of developing pharmacologically active substances.
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